Due to its separate position within the genus Arthrobacter in many published phylogenetic trees and its incomplete chemotaxonomic characterization, the type strain of Arthrobacter sanguinis was subjected to analysis of its chemotaxonomic traits including quinone system, polar lipid profile, peptidoglycan structure and fatty acid profile. The fatty acid profile consisted of the major compounds (>10 %) iso-C 15 : 0 , anteiso-C 15 : 0 and anteiso-C 17 : 0 . It showed a quinone system with the predominating menaquinone MK-9(H 2 ). Both, fatty acid profile and quinone system are in line with the description of the genus Arthrobacter. The peptidoglycan type was L-Lys-L-Ala-Gly (A11.50) which is unique within the genus Arthrobacter sensu lato and also among species of the genus Arthrobacter recently reclassified in the genera Sinomonas, Paenarthrobacter and Pseudarthrobacter. The polar lipid profile was very complex and unique among the group of taxa in containing relatively high proportions of several unidentified lipids. In conclusion from the phylogenetic position and chemotaxonomic distinguishability from related taxa, the reclassification of Arthrobacter sanguinis in a new genus and species, Haematomicrobium sanguinis gen. nov., comb. nov., is proposed. The type strain of the type species is 741 T (=CCUG 46407 T =DSM 21259 T ).
The genus Arthrobacter was first described by Conn and Dimmick [1] . For many years major criteria for classification of novel species within the genus Arthrobacter were the observation of a rodcoccus life cycle, requirement of strictly aerobic conditions for growth combined with positive Gram stain and G+C values above 60 mol%. Analyses of peptidoglycan structure, quinone system and the polar lipid profile revealed significant differences between the different recognized species [2] [3] [4] [5] [6] [7] . One group (including the type species Arthrobacter globiformis) was shown to be characterized by a peptidoglycan with the diagnostic diamino acid lysine and only mono-carboxylic amino acids in the interpeptide bridge (peptidoglycan type A3a), a menaquinone with nine isoprenoic units in the side chain with one dihydrogenated unit [MK-9(H 2 )], and a polar lipid profile containing dimannosyldiacylglycerol and phosphatidylinositol. The second group shows also lysine as the diagnostic diamino of the peptidoglycan but with the dicarboxylic amino acid glutamic acid in the interpeptide bridge (peptidoglycan type A4a), completely unsaturated menaquinones with eight, nine or ten isoprenoic units in the side chain (MK-8, MK-9 and/or MK-10), and a polar lipid profile lacking phosphatidylinositol but containing dimannosyldiacylglycerol or digalactosyldiacylglycerol. With the introduction of 16S rRNA gene sequence data into bacterial taxonomy many novel species were assigned to the genus Arthrobacter when a close relatedness to one or more recognized species of the genus was demonstrated, even when there was only a distant relatedness to the type species of the genus, Arthrobacter globiformis. Therefore the genus Arthrobacter became increasingly heterogeneous and consequently numerous species of this genus have been reclassified recently in novel genera, namely Sinomonas [8] , Glutamicibacter, Paeniglutamicibacter, Pseudoglutamicibacter, Paenarthrobacter and Pseudarthrobacter [9] .
The species Arthrobacter sanguinis was described by Mages et al. [10] based on 16S rRNA gene sequence analysis (nearest relative sharing 94.7 % sequence similarity), the presence of branched fatty acids (anteiso-C 15 : 0 and anteiso-C 17 : 0 predominating) and lysine as the diagnostic diamino acid in the cell wall. Unfortunately, other chemotaxonomic traits such as quinone system, peptidoglycan structure or polar lipid profile and the DNA G+C content were not examined. However, it was shown that Arthrobacter sanguinis occupies the deepest branching in a phylogenetic tree comprising Micrococcus luteus and 11 species of the genus Arthrobacter [10] . Furthermore, the phylogeny indicated that Micrococcus luteus is more closely related to the type species of the genus Arthrobacter, Arthrobacter globiformis, than Arthrobacter sanguinis. In following examinations showing phylogenetic relatedness between species of the genus Arthrobacter, only a distant association with Arthrobacter globiformis was demonstrated. In these studies Arthrobacter sanguinis occupied a separate position within the genus [9, 11, 12] or some relatedness to Arthrobacter russicus [13] or Acaricomes phytoseiuli [14, 15] was indicated.
Due to the distinct separate and varying phylogenetic position within the genus Arthrobacter and lack of important chemotaxonomic data, we have subjected Arthrobacter sanguinis to analyses of the quinone system, polar lipids and peptidoglycan structure in order to supplement the species description and to clarify its taxonomic position. Based on the results, the assignment of Arthrobacter sanguinis to a novel genus and species is proposed.
The almost-complete 16S rRNA gene sequence of Arthrobacter sanguinis 741 T (=DSM 21259 T ; 1452 nucleotides) was compared to sequences of type strains of established species using the EzTaxon server (www.ezbiocloud.net; [16] ). Arthrobacter sanguinis shares highest similarity to the 16S rRNA sequence of Pseudoglutamicibacter cumminsii (95.23 %). Next highest similarities are found with Pseudarthrobacter phenanthrenivorans, Arthrobacter crystallopoietes, Pseudoglutamicibacter albus, Kocuria polaris, Kocuria rosea and Micrococcus lactis (95.01-95.15 %) and only 94.95 % similarity both with the type species Arthrobacter globiformis and Acaricomes phytoseiuli. However, these results do not suggest a close relatedness of Arthrobacter sanguinis to any genus of the family Micrococcaceae. In order to re-examine the phylogenetic position of Arthrobacter sanguinis within the family Micrococcaceae, 16S rRNA gene sequences of the type species of associated genera, representatives of Arthrobacter groups as defined recently [9, 14] and species of the genus Arthrobacter not clearly associated with any genus or group were extracted from gene banks. Multiple alignments were carried out using CLUSTAL X [17] and manually edited to remove gaps and ambiguous nucleotides using BioEdit [18] . Phylogenetic calculations were performed applying maximum-likelihood, maximum-parsimony and neighbour-joining algorithms implemented in the PHYLIP software package [19] . Arthrobacter sanguinis showed a common root with Acaricomes phytoseiuli DSM 14247 T in the maximum-likelihood tree ( Fig. 1 ) and this indicated relatedness was also found in phylogenetic trees generated with maximum-parsimony and neighbour-joining algorithms (data not shown). However, this branching point was not supported by high bootstrap values (>70 %) in any of the three tree calculation algorithms, and hence a close relatedness of these two species is questionable.
Biomass subjected to extraction of quinones and polar lipids was grown on 3.3x PYE [1.0 % peptone from casein (w/v) and 1.0 % yeast extract (w/v), pH 7.2] at 28 C and harvested at the stationary growth phase. Quinones and polar lipids were extracted and analysed as reported by Tindall [20, 21] and Altenburger et al. [22] . HPLC analysis was done according to Stolz et al. [23] . Analysis of the peptidoglycan was carried out according to published protocols [24] . The quinone system of Arthrobacter sanguinis contained predominantly menaquinone MK-9(H 2 ) (88.3 %), and minor amounts of MK-10(H 2 ) (5.2 %), MK-8(H 2 ) (2.2 %), MK-9 (2.1 %), MK-7(H 2 ) (1.2 %) and MK-8 (1.0 %). A quinone system with the major component MK-9(H 2 ) is also found in the vast majority of species of the genus Arthrobacter and species of the recently proposed genera Paenarthrobacter and Pseudarthrobacter [9] , but differentiates Arthrobacter sanguinis from the related genus Acaricomes (see maximum-likelihood tree in Fig. 1 ) showing MK-10(H 2 ) as predominant menaquinone [25] , and hence, not supporting a relationship of these two species at the genus level. Among species of the genera Arthrobacter, Glutamicibacter, Paeniglutamicibacter, Pseudoglutamicibacter, Paenarthrobacter and Pseudarthrobacter, the polar lipid profile of Arthrobacter sanguinis (Fig. 2) is one of the most complex ever reported [4] [5] [6] [7] 9] and clearly distinguishes this species from species of these genera analysed for polar lipids. It consisted of the major lipids monogalactosyldiacylglycerol, diphosphatidylglycerol, dimannosylglyceride, an unidentified glycolipid (GL10) and an unidentified phospholipid (PL6). Furthermore, moderate to minor amounts of trimannosyldiacylglycerol, phosphatidylinositol, phosphatidylglycerol, four unidentified glycolipids (GL7, GL11, GL12, GL13), one unidentified phospholipid (PL7) and three unidentified lipids only visible after staining for total lipids (L1, L7, L8) were found. Analysis of the peptidoglycan revealed an amino acid composition of 3.0 Ala 0.8 Gly 1.2 Glu 1.0 Lys which together with the occurrence of glycine as N-terminal amino acid and of the peptide L-Lys-L-Ala in the partial hydrolysate (4M HCl, 100 C, 0.75 h) suggests the peptidoglycan structure L-Lys-L-Ala-Gly (A11.50, www.peptidoglycan-types.info; A3a, [2] ). Within the family Micrococcaceae, this peptidoglycan has been reported so far only for Renibacterium salmoninarum [26] , which shows just 94.9 % 16S rRNA gene sequence similarity to Arthrobacter sanguinis, and differs from the peptidoglycan structures reported for related genera and groups of Arthrobacter sensu lato (Table 1) and also from Acaricomes phytoseiuli with L-LysAla 3 [25] . Thus, also the peptidoglycan structures do not support a relationship of Arthrobacter sanguinis and Acaricomes phytoseiuli at the genus level. Fatty acids were extracted from biomass harvested from the third sector of a quadrant-streaked plate of trypticase soy broth agar (TSB; BD 211768 solidified with 23 g l À1 agar) after incubation at 35 C for 24 h. Fatty acid methyl esters were analysed by GC using the Microbial Identification System (MIDI, Sherlock version 6.1; method, TSBA40; gas chromatograph, model 6890N, Agilent Technologies) following the method of Stead et al. [27] . The fatty acid profile contained iso-C 15 : 0 (42.7 %), anteiso-C 15 : 0 (32.9 %), anteiso-C 17 : 0 (14.5 %), iso-C 17 : 0 (5.9 %), iso-C 16 : 0 (2.6 %) and C 16 : 0 (1.4 %). This fatty acid profile with the major components iso-C 15 : 0 and anteiso-C 15 : 0 differs significantly from the information given by Mages et al. [10] who reported the major fatty acids anteiso-C 15 : 0 and anteiso-C 17 : 0 in this species. This significant discrepancy may be explained by differences in the production of biomasses in these two experiments with respect to growth temperature, medium composition and length of incubation. However, this observation is in agreement with the long known fact that standardized growth conditions are a prerequisite if fatty acid profiles of different strains are to be used for comparison and classification. The G+C content calculated from the genome sequence of Arthrobacter sanguinis DSM 21259 T (GenBank accession no. JIAG01000001; www.patricbrc.org/portal/portal/patric/ Genome?cType=genome&cId=1121020.3) is 61.9 mol%. The G+C value of Arthrobacter sanguinis is close to the lower limit of the ranges reported for related genera and groups of Arthrobacter sensu lato ( Table 1) .
The phylogenetic position of Arthrobacter sanguinis among species of the genus Arthrobacter (Fig. 1) , the peptidoglycan structure and the polar lipid profile clearly distinguish this species from Arthrobacter globiformis representing Arthrobacter sensu stricto and all established species of Arthrobacter sensu lato [9] as well as from related genera of the family Micrococcaceae (Table 1) , and suggests this species should be reclassified in a novel genus and species, for which the name Haematomicrobium sanguinis gen. nov., comb. nov. is proposed.
DESCRIPTION OF HAEMATOMICROBIUM GEN. NOV.
Haematomicrobium [(Hae.ma.to.mi.cro¢bi.um. Gr. n. haima -atos (Latin transliteration haema -atos) blood; N.L. neut. n. microbium microbe; N.L. neut. n. Haematomicrobium microbe from blood).
The peptidoglycan type is A3a with an interpeptide bridge L-Lys-L-Ala-Gly (A11.50). The major menaquinone is MK-9(H 2 ). The polar lipid pattern is very complex and consists of diphosphatidylglycerol, monogalactosyldiacylglycerol, dimannosylglyceride, an unidentified phospholipid (PL6) and an unidentified glycolipid (GL10) as major components while phosphatidylglycerol, phosphatidylinositol, one unknown phospholipid (PL7), trimannosyldiacylglycerol and several unidentified glycolipids and lipids occur in GL7, GL10, GL11, GL12, GL13, unidentified glycolipids; PL6, PL7, unidentified phospholipids; L1, L7, L8, unidentified lipids (only detectable after staining for total lipids). Where suitable the labelling is in line with that used by Busse [9] . Table 1 . Selected discriminative chemotaxonomic characteristics of Arthrobacter sanguinis and related genera of the family Micrococcaceae including groups of Arthrobacter sensu lato showing both peptidoglycan type A3a [2] and menaquinone MK-9(H 2 ) Data of Arthrobacter sanguinis are from this study, other data are as compiled by Busse et al. [14] and Schumann et al. [28] unless otherwise indicated. Nomenclature of peptidoglycan structures according to Schumann [24] and www.peptidoglycan-types.info. DGDG, digalactosyldiacyglycerol; DMG, dimannosylglyceride; GL(s), unidentified glycolipid(s); MGDG, monogalactosyldiacylglycerol; PI, phosphatidylinositol; PLs, unidentified phospholipids; TMDG, trimannosyldiacylglycerol; variable lipid data in brackets.
Taxon
Peptidoglycan structure Polar lipids DNA G+C content (mol%)
Arthrobacter sanguinis Lys-Ala-Gly (A11.50) MGDG, DMG, TMDG, PI, GL10, GL11, GL12, GL13, PL6, PL7 † 61.9
Arthrobacter sensu stricto Lys-Ala *Glycin amide bound to a-carboxyl group of D-Glu residues [29] . †Unidentified lipids shown in bold have not been reported in any species of the genus Arthrobacter or closely related genera. ‡Data from Zhou et al. [8] . 
DESCRIPTION OF HAEMATOMICROBIUM SANGUINIS COMB. NOV.
Haematomicrobium sanguinis (san.gu¢i.nis. L. masc. gen. n. sanguinis of blood, indicating that the bacterium was isolated from a blood culture). This description is based on that of Arthrobacter sanguinis [10] with the following emendations. The peptidoglycan type is A11.50 (L-Lys-L-Ala-Gly). The major menaquinone is MK-9(H 2 ) and MK-10(H 2 ), MK-8(H 2 ), MK-7(H 2 ), MK-9 and MK-8 occur as minor components. The polar lipid pattern consists of diphosphatidylglycerol, monogalactosyldiacylglycerol, dimannosylglyceride, an unidentified phospholipid (PL6) and an unidentified glycolipid (GL10) as major components while phosphatidylglycerol, phosphatidylinositol, one unknown phospholipid (PL7), trimannosyldiacylglycerol, four unidentified glycolipids (GL7, GL11, GL12, GL13) and three unidentified lipids (L1, L7, L8) occur in lower amounts. The fatty acid profile (tryptic soy broth agar, 35 C, 24 h) contains (in decreasing order) the major acids iso-C 15 : 0 , anteiso-C 15 : 0 and anteiso-C 17 : 0 , and lower amounts of iso-C 17 : 0 , iso-C 16 : 0 and C 16 : 0 . When grown on Columbia sheep blood agar, major fatty acids are iso-C 15 : 0 and anteiso-C 17 : 0 [10] .
The type strain is 741 T (=CCUG 46407 T =DSM 21259 T ). The DNA G+C content of the type strain is 61.9 mol% (calculated from the genome sequence of the type strain).
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